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MAGNETIC  BUBBLE  FORMATION  PRODUCED  BY  AN 


EXPANDING  LASER  PLASMA 


I.  Introduction 

we  observe  the  compression  of  an  externally  applied  magnetic  field  and 
the  creation  of  a  magnetic  bubble  when  a  laser -generated  plasma  expands  into  a 
low  density  magnetized  background  gas.  Compression  is  possible  when  the 
plasma  conductivity  is  large  enough  that  convection  of  the  field  dominates 
over  tha  magnetic  diffusion  process . 

A  target  is  placed  into  a  background  magnetized  low  density  gas  as  shown 
in  Figure  1(a).  when  the  target  is  irradiated  with  a  short  high  intensity 
laser  pulse  two  plasmas  are  formed :  the  laser  target  interaction  generates 
radiation  which  preianizes  the  background  gas  to  form  a  stationary  ambient 
plasma,  and  the  target  debris  creates  a  rapidly  expanding  plasma.  As  the 
debris  plasma  expands,  it  may  interact  with  the  ambient  either  through 
collisional  or  collisionless  processes.  Under  low  density  and  high  velocity 
conditions,  collisional  coupling  becomes  less  important  and  collective  effects 
may  dominate.1'2  Many  of  these  collective  processes  are  sensitive  to  the 
structure  and  magnitude  of  the  local  magnetic  field. 

The  evolution  of  the  structure  and  magnitude  of  the  magnetic  field  due  to 
a  rapidly  expanding  plasma  in  an  external  field  such  as  illustrated  in  Fig.  lb 
was  described  by  Longmira3  using  magnetic  conservation  of  flux.  The  magnetic 
field  is  3wept  away  inside  the  bubble  and  confined  within  a  small  shell  near 
the  expanding  debris  material .  This  model  was  further  developed  by  Wright 
(1971)  who  defined  the  valid  parameter  space.*1  Keskinen5  extended  the 
analysis  of  including  a  piecewise  spatially  constant  collisional  term  into  a 
one  dimensional  model.  Although,  one-dimensional  models  predict 

unrealistically  high  field  compressions  compared  to  two  or  three  dimensional 
models,  the  diffusion  term  (i.e.,  the  presence  of  collisions)  is  more  easily 
treated  in  one  dimension.  The  modal  is  further  simplified  by  ignoring  the 
various  processes  which  may  alter  the  effective  collision  frequency,  thus 
reducing  the  magnetic  Reynold's  number;  an  example  of  3uch  a  process  is  the 
magnetized  ion-ion  instability.1'2  Therefore,  we  experimentally  measure  the 
Manuscript  approved  November  7,  1983. 
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fiald  compression  to  better  understand  the  physics  associated  with  this 
dynamically  changing  situation. 

This  paper  addresses  our  initial  experimental  findings  of  the  structure 
and  evolution  of  the  magnetic  field.  Only  slight  field  compressions  have  bo.en 
observed  with  shell  thicknesses  on  the  order  of  1  cm.  Data  is  also  presented 
which  show  that  the  magnetic  shell  expands  with,  or  slightly  ahead  of  the 
target  debris  plasma. 


IZ .  Experimental  Arrangement  and  Checkout 

Various  diagnostics  were  used  in  this  study,  including  charge  collrctora, 
an  optical  framing  camera,  spectrometer,  and  magnetic  induction  probes. 

The  NRI,  Pharos  II  Nd-glass  laser  (X  ■  1.05  u»)  was  used  to  generate  the 
debris  plasma  by  irradiating  1.1  mg/cm^  planar  carbon  targets,  incident  laser 
energy  on  target  ranged  between  5  and  30  joules  with  a  FWHM  pulselength  of  ^  4 
nsec  and  irradiances  up  to  10 14  W/cm^ ,  The  focusing  lens  was  of  an  aspheric 
f/6  lens  'with  a  focal  length  of  1.2  meters.  Gas  was  introduced  into  the 
experimental  chamber  with  a  controlled  orifice  which  was  programmed  to 
maintain  a  given  ambient  pressure.  In  this  study  the  pressure  was  varied 
between  10"4  torr  and  100  mtorr. 


Shots  were  taken  both  with  and  without  an  800  gauss  magnet  in  place.  The 
field  orientation  was  parallel  to  the  target  surface  and  largely  perpendicular 
to  the  expending  debris  plasma.  The  targets  ware  mounted  to  allow  a  magnetic 
expansion  length  of  about  4  cm. 
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Two  induction  probes  wars  used  to  measure  the  fiald  compression.  Both 
probes  were  1.0  ±  ,1  cm  from  the  laser  axis  and  situated  1.5  *  .1  and  3.0  ±  .1 
cm  from  the  target.  The  probes  consisted  of  a  single  500  um  diameter  loop 
encapsulated  in  a  quartz  envelope  as  shown  in  Figure  2. 

The  magnetic  probes  work  by  using  Land's  Law  in  which  a  changing  magnetic 
flux  across  the  probe  induces  a  current  in  the  loop.  The  proper  operation  of 
the  probes  wera  checked  by  rotating  the  loop  by  180°  and  noting  the  reversal 
of  the  signal  (electrostatic  pickup  by  the  loop  would  not  change  polarity  by 
such  a  rotation.) 
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Examples  of  the  observed  dB/dt  signals  are  shown  in  Figure  3;  the  two 
probes  were  oriented  antiparallel  to  each  other.  A  clear  signal  reversal  was 
seen  indicating  that  the  probes  were  operating  properly.  Moreover,  an 
additional  check  was  made  by  rotating  the  probes  by  130°  and  observing  the 
signals  change  sign. 

The  induced  voltage  resulting  from  the  changing  magnetic  field  across  the 
probe  is  given  by 

V(t)  -  Aj.  ||  ,  (1) 

where  is  the  projected  area  of  the  loop  perpendicular  to  the  applied 

field.  Xf  the  initial  field  is  then  the  change  in  magnetic  field,  AB,  can 
be  determined  by  integrating  Equation  (1),  namely, 

AB(t)  -  B(t)  -B  V(  t')dt'  (2) 

0  -* 

Ill.  Magnetic  Field  Measurements 

A  typical  example  of  AB<  t)  is  shown  in  Figure  4  for  a  probe  situated  3  cm 
from  the  target.  The  loop  area  was  (2.0  *  .4)  X  10“3  cm2  and  its  surface 

normal  waa  oriented  to  within  ±  10°  of  the  applied  field  direction.  Here  an 
external  800  gauss  field  and  an  ambient  hydrogen  gas  were  present.  A  sudden 
drop  in  the  magnetic  field  occurs  at  about  100  nsec  after  the  laser  pulse. 
The  fall  time  in  the  field  of  about  20  nsec ,  corresponding  to  a  spatial  width 
of  about  7  mm,  is  not  limited  by  the  probe  or  scop  •  response  time  (.2  and  4 
nsec,  respectively).  The  accuracy  of  the  probe  measurements  are  limited  to  ± 
20%  due  to  the  uncertainty  in  the  projected  area  of  the  loop  and  data 

digitizing  process. 

Figure  S  shows  a  plot  of  ABmax  versus  laser  energy  taken  with  various 

background  pressures  and  laser  energy  conditions.  AB  is  the  peak 

max 

compressed  field  at  the  location  of  the  probe.  The  ambient  pressure  for  a 

shot  is  indicated  by  the  number  at  each  data  point.  There  appears  to  be  a 

weak  scaling  of  AB  with  laser  energy  when  the  probe  is  1.5  cm  from  the 
max 

target  which  is  not  observed  3  cm  from  the  target.  The  larger  compressed 
fields  measured  at  3  cm  relative  to  those  measured  at  1.5  cm  are  consistent 
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with  an  expanding  plasma  having  a  magnetic  Reynold's  number  greater  than  one. 

The  analysis  should  also  take  into  account  the  presence  of  an  azimuthal 
self -generated  magnetic  field  such  as  illustrated  in  Figure  6. 6,7  This  field 
can  result  from  the  VnxVT  thermoelectric  source  term.  To  get  an  estimate  the 
magnitude  of  the  self -generated  field  alone,  the  external  magnetic  field  was 
removed  and  the  probes  were  repositioned  to  observe  the  azimuthal  fields.  The 
measured  field  was  between  100  and  200  gauss  at  1.5  cm;  no  self -gene  rated 
fields  were  seen  by  the  probe  3  cm  away  above  20  gauss.  Therefore,  the  self¬ 
generated  fields  are  smaller  than  the  external  field  in  our  measurements. 
Also  the  probes  were  oriented  to  minimize  the  contribution  of  the  self¬ 
generated  fields  in  the  compression  measurements . 

IV.  Magnetic  Field  Velocity  and  Shell  Thickness  Measurements 

Measurements  of  the  arrival  time  of  the  magnetic  shell  were  compared  with 
data  gathered  from  tiine-of-flight  charge  collectors  and  time-of-flight 
apectroscopy  of  CVI  debris  ions.  An  average  shell  velocity  can  be  defined  as 
the  distance  to  the  probe  divided  by  the  elapsed  time  between  the  x-ray  pulse 
and  the  peak  of  the  dB/dt  signal  peak  as  indicated  in  Figure  7.  Similarly, 
velocity  measurements  were  taken  with  charge  time-of-flight  detectors 
situated  22  cm  from  the  target  and  45°  from  the  laser  axis.  The  CVI  time-of- 
flight  spectroscopy  was  accomplished  by  means  of  a  spectrometer  tuned  to 
3434  A  which  views  the  expansion  region  1  cm  in  front  of  the  target  surface, 
as  illustrated  in  Figure  8;  a  time-resolving  photomultiplier  detector  responds 
to  the  arrival  of  CVI  ions. 

Table  1  compares  the  velocities  obtained  from  these  three  diagnostics. 

They  are  all  in  general  agreement;  but  the  magnetic  measurements  tend  to  give 

slightly  higher  velocities.  Also,  the  velocity  measured  with  induction  probes 

appears  to  slow  down  with  distance  from  target.  Thus,  we  infer  that  the 

s 

compressed  magnetic  field  appears  to  travel  slightly  ahead  of  the  debris. 

Another  interesting  feature  present  in  the  data  is  that  the  magnetic 

shell  width  increases  as  one  moves  away  from  the  target.  This  thickness  is 

defined  as  the  FWHM  points  on  the  AB  curve  in  Figure  4.  One  explanation  for 
this  difference  may  be  that  the  plasmas  temperature  drops  'with  distance, 
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causing  the  plasma  to  be  more  resistive;  this  would  enhance  the  degree  of 
magnetic  diffusion  and,  therefore,  increase  the  width  of  the  magnetic  shell. 

V.  Conclusions 

Magnetic  field  compression  and  a  magnetic  depleted  bubble  have  been 
observed  when  a  laser-generated  plasma  expands  into  a  magnetized  ionized 
background  gas.  The  compression  increases  with  distance  away  from  the 
target.  In  addition,  the  thickness  of  the  compressed  field  is  approximately  1 
cm  at  incident  energies  above  20  joules.  However,  3  cm  from  the  target  this 
thickness  tends  to  increase  with  reduced  laser  energy  on  target.  The 
compressed  magnetic  field  travels  with  velocities  equal  to  or  slightly  greater 
than  the  debris  velocity. 
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Fig.  1  —  Magnetic  field  compression  simulation  experiment 
using  laser  irradiated  targets  in  an  external  magnetic  field 
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Fig.  2  —  Magnetic  induction  probe  construction 
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BY  LENZ'S  LAW  THE  INDUCED  MAGNETIC  FIELD  BY  THE 
LOOP  CURRENT  OPPOSES  THE  CHANGE  OF  MAGNETIC 
FLUX.  THEREFORE  A  POSITIVE  SIGNAL  IS  SEEN  FOR  CASE 
(A)  INITIALLY  AS  THE  MAGNETIC  FIELD  ENTERS  THE  LOOP, 
WHILE  A  NEGATIVE  SIGNAL  IS  OBSERVED  WHEN  THE  PROBE 
IS  ROTATED  BY  180°  (B). 


SHOT  #12854 

Fig.  3  —  Verfication  on  the  presence  of  a  magnetic  field 
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Fig.  4  —  Measured  temporal  dependence  of  the  magnetic  field 
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MAGNETIC  FIELD  ( Gauss) 


Fig.  S  —  Compressed  magnetic  field  measurement  as  a  function 
of  probe  position  and  laser  incident  energy 
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Fig.  8  —  CVI  Time-of-flight  spectrometer  examining  the  plasma  1  cm  in  front  of  the  target 
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PHBOIDINQ  PROS  KAMI -MOT  fUi® 


director 

BHD  ADVANCED  TECH  CTS 
HUNTSVILLE  OFFICE 
P.O.  BOX  1300 
HUNTSVILLE,  AL  35807 

01CT  ATTN  ATC-T  MELVIN  T.  CAPPS 
Old  ATTN  ATC-0  W.  DAVIES 
Old  ACTS  AXC-ft  DON  SUSS 

PROGRAM  MANAGER 
BHD  PROGRAM  OFFICE 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VX  22333 

Old  ATTN  DACS-BMT  J.  SHEA 

CHIEF  C-E-  SERVICES  DIVISION 
U.S.  ARMY  COMMUNICATIONS  CMD 
PENTAGON  SM  1B269 
WASHINGTON,  O.C.  20310 

01CY  ATTN  C-  E-SISVICSS  DIVISION 

COMMANDER 

PRADCOM  TECHNICAL  SUPPORT  ACTIVITY 
DEPARTMENT  OF  THE  ARMY 
FORT  MONMOUTH,  N.J.  07703 
OICY  ATTN  DRSEL-NL-RD  H.  SENNET 
Old  ATTN  DR3EL-PL-ENV  H.  50MKE 
OICY  ATTN  J.E.  qUICLEY 

COMMANDER  . 

U.S.  ARMY  COMM-ELEC  SNGRO  INSTAL  ACT 
7T.  HUACHUCA,  AZ  33613 
OICY  ATTN  CCC-EMEO  GEORGE  LANE 

COMMANDER 

U.S.  ARMY  FOREIGN  SCIENCE  &  TECH  CTR 
220  7TH  STREET,  HE 
CHARLOTTESVILLE,  VA  22901 
Old  ATTN  DRXST-SD 

COMMANDER 

U.S.  ARMY  MATERIAL  DEV  6  READINESS  CMD 
5001  EISENHOWER  AVENUE 
ALEXANDRIA,  VA  22333 

OICY  ATTN  DRCLDC  J.A.  BENDER 

COMMANDER 

U.S.  ARMY  NUCLEAR  AND  CHEMICAL  AGENCY 
7500  BACKLICX  ROAD 
BLDG  2073 

SPRINGFIELD,  VA  22X30 
OICY  ATTN  LIBRARY 


DIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABORATORY 
ABERDEEN  PROVING  GROUND,  MD  21005 
OICY  ATTN  TECH  LIBRARY  EDWARD  SAICY 

COMMANDER 

U.S.  ARMY  SAT COM  AGENCY 
FT.  MONMOUTH,  NJ  07703 

OICY  ATTN  DOCUMENT  CONTROL 

COMMANDER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDSTONE  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAMBLE 

DIRECTOR 

U.S.  ARMY  TRADOC  SYSTEMS  ANALYSIS  ACTIVITY 
WHITS  SANDS  MISSILE  RANGE,  NM  3S002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ACTA-TAC  LTC  J.  HESSE 

COMMANDER 

NAVAL  ELECTRONIC  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20360 

OICY  ATTN  NAVALEX  034  T.  HUGHES 
01 CT  ATTN  PME  117 
OICY  ATTN  PME  U7-T 
OICY  ATTN  CODE  SOU 

COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
4301  SUITLAND  ROAD,  BLDG.  3 
WASHINGTON,  D.C.  20390 

OICY  ATTN  MR.  DUBBIN  STIC  12 

OICY  ATTN  NISC-30 

01CI  ATTN  CODE  5404  J.  GALET 

COMMANDER 

NAVAL  OCCEAN  SYSTEMS  CENTER 
SAN  DIEGO,  CA  92132 
OICY  ATTN  J.  FERGUSON 
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NAVAL,  RESEARCH  LABORATORY 
WASHINGTON,  O.C.  20373 

01C7  ATTN  CODE  4700  3.  L.  Oisakov 

26  CVS  IF  UNCLASS.  1  CT  IF  CLASS) 
OICY  ATTN  CODE  470L  I  Vltkovleaky 
OICY  ATTN  CODE  4730  J.  Hub*  (100 
CIS  IF  UNCUSS,  1  CT  IF  CLASS) 
OICY  ATTN  CODE  7300 

01CT  ATTN  CODE  7330 

01C?  ATTN  CODE  7330 

OICY  AXTN  CODE  7331 

OICY  ATTN  CODE  7333 

OICY  ATTN  CODE  4730  E.  MCLEAN 

OICY  ATTN  CODE  4108 

OICY  ATTN  CODE  4730  B.  RIPIN 

20CY  AXTN  CODE  2628 

COMMANDER 

NAVAL  SEA  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20362 
OICY  ATTN  CAPT  R.  PITKIN 

COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLCREN,  VA  22448 
OICY  ATTN  CAPT  J.H.  BURTON 

OFFTCSR-IN-CHARGE 
NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  MD  20910 
OICY  ATTN  CODE  F31 

DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
OICY  ATTN  NSP-2141 
OICY  ATTN  NSSF-2722  FRED  WIMBERLY 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLCREN  LABORATORY 
DAHLCREN,  VA  2244B 
OICY  ATTN  CODE  Dr-14  R,  BUTLER 

OFFICER  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 
OICY  ATTN  CODE  463 
OICY  ATTN  CODE  461 
OICY  ATTN  CODE  402 
OICY  ATTN  CODE  420 
OICY  ATTN  CODE  421 


COMMANDER 

AEROSPACE  DEFENSE  COMMAND/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  30912 

OICY  ATTN  DC  MR.  LONG 

COMMANDER 

AEROSPACE  DEFENSE  COMMAND /XPD 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 
OICY  ATTN  xpdqq 
OICY  ATTN  X? 


AIR  FORCE  GEOPHYSICS  LABORATORY 


HANSCOM 

AFB, 

MA 

01731 

OICY 

ATTN  OFR 

HAROLD  GARDNER 

OICY 

ATTN 

LEB 

KENNETH  S.W.  CHAMPION 

OICY 

ATTN 

OFR 

ALVA  T.  STAIR 

OICY 

ATTN 

FHD 

JURGEN  BUCRAU 

OICY 

ATTN 

PUD 

JOHN  P.  MULLEN 

AT  WEAPONS  LABORATORY 
DRYLAND  AFT,  NM  37117 
OICY  ATTN  SUL 

OICY  ATTN  CA  ARTHUR  H.  CUENTHER 
OICY  ATTN  NTYCE  1LT.  8.  KRAJEI 

AFTAC 

PATRICK  AFB,  FL  32923 
OICY  ATTN  TF/MAJ  WILEY 
OICY  ATTN  TN 

AIR  FORCE  AVIONICS  LABORATORY 
WRIQHT-PATTERSON  AFB,  OH  43433 
OICY  ATTN  AAD  WADE  HUNT 
OICY  ATTN  AAD  ALLEN  JOHNSON 

DEPUTY  CHIEF  OF  STAFF 
XESIABCH,  DEVELOPMENT,  i  ACq 
DEPARTMENT  OP  THE  AIR  FORCE 
WASHINGTON,  O.C.  20330 
OICY  ATTN  AFRDq 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION 
DEPARTMENT  OF  THE  AIR  FORCE 
HAN3C0M  AFB,  MA  01731 
01CT  ATTN  J.  DBAS 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01732 
OICY  ATTN  YSEA 
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HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
KANSCOM  AFB,  MA  01731 

OlOY  ATTN  DC EC  HAJ  J.C.  CLARK 

COMMANDER 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WRIGHT-PATTE1S0N  ATS,  OH  45433 
OICY  ATTN  NICD  LIBRARY 

01CT  ATTN  ETDP  B.  BALLARD 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFFISS  AFB,  NY  13441 

OICY  ATTN  DOC  LIBRARY/TSLD 
OICY  ATTN  OCSE  V.  COYNE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
UORLDUAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSliNS) 

OICY  ATTN  32 J 

STRATEGIC  AIR  COMMAND/ XFFS 
OFFUTT  AFB,  SB  68113 

OICY  ATTN  ADWATE  KAJ  3RUCS  BAUER 
OICY  ATTN  NRT 

OICY  ATTN  DOK  CHIEF  SCIENTIST 

3AMS0/SK 
P.O.  BOX  92960 
UORLDUAY  POSTAL  CENTER 
LOS  ANGELES ,  CA  90009 

OICY  ATTN  SKA  (SPACE  COMM  SYSTEMS) 
M.  CLAVIN 

3AMS0/MN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  MNNL 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOH  AFB,  MA  01731 

OICY  ATTN  EEP  A.  LQRENTZEN 

DEPARTMENT  OP  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON,  D.C.  20343 

OICY  ATTN  DOC  CON  FOR  A.  LABOWITZ 


DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.O.  BOX  5400 
ALBUQUERQUE,  NM  87113 

OICY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

EG AC,  INC. 

LOS  ALAMOS  DIVISION 

P.O.  BOX  809 

LOS  ALAMOS,  NM  35344 

OICY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

ONI  VERS ITY  OF  CALIFORNIA 
LAURENCE  LIVERMORE  LABORATORY 
P.O.  BOX  BOB 
LIVERMORE,  CA  94550 
OICY  ATTN  DOC  CON  POR  TECH  INFO  DEPT 
OICY  ATTN  DOC  CON  FOR  L-389  R.  OTT 
OICY  ATTN  DOC  CON  FOR  L-31  R.  HAOER 
OICY  ATTN  OOC  CON  FOR  L-46  F.  3EUAKD 

LOS  ALAMOS  NATIONAL  LABORATORY 

P.O.  BOX  1663 

LOS  ALAMOS,  NM  87345 


OICY 

ATTN 

DOC 

CON 

FOR 

J. 

WOLCOTT 

OICY 

ATTN 

DOC 

CON 

FOR 

R.F.  TASCHEK 

OICY 

ATTN 

DOC 

CON 

FOR 

S. 

JONES 

OICY 

ATTN 

DOC 

CON 

FOR 

J. 

ilALIK 

OICY 

ATTN 

DOC 

CON 

FOR 

R. 

JEFFRIES 

-OICY 

ATTN 

DOC 

CON 

FOR 

J. 

ZINN 

OICY 

ATTN 

DOC 

CON 

FOR 

P. 

KEATON 

OICY 

ATTN 

DOC 

CON 

FOR 

□  . 

WESTER  VELT 

OICY 

ATTN 

D.  ; 

3APPENFIELD 

SANDIA  LABORATORIES 
P.O.  BOX  5800 
ALBUQUERQUE,  NM  87113 

OICY  ATTN  DOC  CON  FOR  U.  BROUN 

OICY  ATTN  DOC  CON  FOR  A.  THORNBROUCK 

OICY  ATTN  DOC  CON  rOR  T.  WRIGHT 

OICY  ATTN  DOC  CON  FOR  D.  DAHLGREN 

OICY  ATTN  DOC  CON  FOR  3141 

OICY  ATTN  DOC  CON  FOR  SPACE  PROJECT  DIV 

SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
P.O.  BOX  969 
LIVERMORE,  CA  94330 
OICY  ATTN  DOC  CON  FOR  B.  HURPHEY 

OICY  ATTN  DOC  CON  FOR  T.  COOK 


OFFTCE  OF  MILITARY  APPLICATION 
DEPARTMENT  OP  ENERGY 
WASHINGTON,  D.C.  20545 

OICY  ATTN  DOC  CON  DR.  TO  SONG 
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OTHER  GOVERNMENT 

DEPARTMENT  C7  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

OICY  (ALL  CORRES!  ATTN  SEC  OFFICER  FOR) 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  &  INFO  ADMIN 
BOULDER,  CO  30303 
OICY  ATTN  A.  JEAN  (UNCLASS  ONLY) 

OICY  ATTN  W.  UTLAUT 
01CY  ATTN  0.  CROMSIS 
OICY  ATTN  L.  BERRY 

NATIONAL  OCEANIC  &  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  S0302 
OICY  ATTN  R.  GRUBB 
OICT  ATTN  AEROHOMY  US  0.  REID 


DEPARTMENT  OF  DETENSS  CONTRACTORS 

AEROSPACE  CORPORATION 
P,0.  BOX  92937 
LOS  ANGELES,  CA  90009 
OICY  ATTN  I.  OARFUNKEL 
OICY  ATTN  T.  SALMI 
OICY  ATTN  ”,  JOSEPHSON 
OICY  ATTN  S.  BOWER 
OICT  ATTN  0.  OLSEN 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
3  OLD  CONCORD  ROAD 
BURLINCTON,  MA  01803 

OICY  ATTN  RADIO  SCIENCES 

AUSTIN  RESEARCH  ASSOC. ,  INC. 

1901  RUTLAND  DRIVE 
AUSTIN,  TX  78738 
OICY  ATTN  L.  SLOAN 
OICY  ATTN  R.  THOMPSON 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.O.  BOX  983 
BERKELEY,  OA  94701 
OICY  ATTN  J.  WORKMAN 
OICY  ATTN  C.  PRETTIE 
OICY  ATTN  3.  BRECHT 


BOEING  COMPANY,  THE 
P.O.  BOX  3707 
SEATTLE,  WA  98124 
OICY  ATTN  G.  KEISTER 
OtCY  ATTN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KENNEY 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
335  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 
OICY  ATTN  D.B.  COX 
OICY  ATTN  J.P.  OILMOKE 

COMSAT  LABORATORIES 
LINTHICUM  ROAD 
CLARKSBURG,  HD  20734 
OICY  ATTN  G.  HYDE 

CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
ITHACA.  NY  14830 

OICY  ATTN  D.T.  FARLEY,  JR. 

ELECTROSPACE  SYSTEMS,  INC. 

SOX  1339 

RICHARDSON,  TX  73080 
.OICY  ATTN  H.  LOCSTON 
OICY  ATTN  SECURITY  (PAUL  PHILLIPS) 

EOS  TECHNOLOGIES,  INC. 

606  Ullihin  Blvd. 

Santa  Monica,  Calif  90401 
OICY  ATTN  C.B.  GABBARD 

SSL,  INC. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 
OICY  ATTN  J.  ROBERTS 
OtCY  ATTN  JAMES  MARSHALL 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORCE  SPACE  CENTER 
CODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8353 
PHILADELPHIA,  PA  19101 

OICY  ATTN  M.H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.O.  BOX  1122 
SYRACUSE,  NY  13201 
OICY  ATTN  F.  REIBERT 
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GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 
HMES 

COURT  STREET 
SYRACUSE,  NY  13201 
OICY  ATTN  C.  HILLMAN 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN!  SECURITY  OFFICER) 
OICY  ATTN  T.N.  DAVIS  (UNCUSS  ONLY) 
OICY  ATTN  TECHNICAL  LIBRARY 
OICY  ATTN  NEAL  BROUN  (UNCUSS  ONLY) 

CTE  SYL VANIA,  INC. 

ELECTRONICS  SYSTEMS  ORP-EASTERN  DIV 
77  A  STREET 
NEEDHAM,  MA  02194 

OICY  ATTN  DICK  STEINHOF 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

OICY  ATTN  DONALD  HANSEN 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
130.  DAVENPORT  HOUSE 
CHAMPAIGN ,  IL  41820 

(ALL  CORRES  ATTN  DAN  MCCLELUND) 

OICY  ATTN  K.  YEli 

INSTITUTE  FOR  DEFENSE  ANALYSES 
1301  NO.  BEAUREGARD  STREET 
ALEXANDRIA,  VA  22311 
OICY  ATTN  J.N.  AEIN 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  HANS  UOLFARD 
OICY  ATTN  JOEL  BENC8T0N 

INTL  TEL  4  TELEGRAPH  CORPORATION 
300  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

OICY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

110U  TORREYANA  ROAD 
P.O.  BOX  33134 
SAN  DIEGO,  CA  92X38 

OICY  ATTN  J.L.  SPERLING 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
UUREL,  MD  20810 

OICY  ATTN  DOCUMENT  LIBRARIAN 
OICY  ATTN  THOMAS  POTEMRA 
OICY  ATTN  JOHN  3ASSOUU3 

KAMA!!  SCIENCES  COR? 

P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
OICY  ATTN  T.  MEAGHER 

KAMAN  TEMPO-CENTER  POR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
OICY  ATTN  DA3IAC 
OICY  ATTN  WARREN  S.  KNAPP 
OICY  ATTN  WILLIAM  MCNAMARA 
OICY  ATTN  B.  G AMD ILL 

LXNKABIT  CORF 
10433  ROSELLE 
SAN  DIEGO,  CA  92121 
OICY  ATTN  IRWIN  JACOBS 

LOCKHEED  MISSILES  i  SPACE  CO.,  INC 
P.O.  BOX  404 
SUNNYVALE,  CA  94088 
OICY  ATTN  DEPT  60-L2 
OICY  ATTN  D.R.  CHURCHILL 

LOCKHEED  MISSILES  i  SPACE  CO.,  INC. 

3231  HANOVER  STREET 
PALO  ALTO,  CA  94304 

OICY  ATTN  MARTIN  WALT  DEPT  52-12 
OICY  ATTN  W.L.  IMHOF  DEPT  32-L2 
OICY  ATTN  RICHARD  G.  JOHNSON  DEPT' 32-12 
OICY  ATTN  J.B.  CLADI3  DEPT  32-12 

MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.O.  BOX  5837 
ORLANDO,  FL  32803 
OICY  ATTN  R.  HEFFNER 

M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  07.173 

OICY  ATTN  DAVID  M.  TOWLE 
OICY  ATTN  L.  LOUGHLIN 
OICY  ATTN  0.  CURK 
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MCDCNNEL  DOUGLAS  CORPORATION 
3301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
OICT  ATTN  N.  HARRIS 
OICT  ATTN  J.  MOULE 
OICT  ATTN  GEORGE  MROZ 
OICT  ATTN  W.  OLSON 
OICT  ATTN  R.W.  HALPRIN 
OICT  ATTN  TECHNICAL  LIBRART  SERVICES 

MISSION  RESEARCH  CORPORATION 
733  STAX*  STREET 
SANTA  BARBARA,  CA  93101 
OICT  ARM  P.  PISCHER 
OICT  ATTN  V.F.  CREVIER 
OICT  ARN  STEVEN  L.  GCTSCHE 
OICT  ARN  R.  BOGUS CH 
OICT  ARM  R.  BENORXCX 
OICT  ARN  RALPH  KXLB 
OICT  ARN  DAVE  SOWLE 
OICT  ARN  P.  FA  JEN 
OICT  ARN  M.  SCHEIBE 
OICT  ARN  CONRAD  L.  LONGMIRE 
OICT  ARN  B.  WHITE 

MISSION  RESEARCH  CORP. 

1720  RANDOLPH  ROAD,  S.E. 

ALBUQUERQUE ,  NEW  MEXICO  87106 
diCT  R.  3TELLINGWERF 
OICT  M.  ALME 
OICT  WRICHT 

MITRE  CORPORATION,  THE 
P.O.  BOX  208 
BEDFORD,  MA  01730 
OICT  ARN  JOHN  KORCANSTERN 
OICT  ARN  G.  HARDING 
OICT  ARN  C.E.  CALLAHAN 

MITRE  CORP 

WESTOAIE  RESEARCH  PARK 
1820  DOLLT  MADISON  BLVD 
MCLEAN,  VA  22101 
OICT  ARN  W.  HALL 
OICT  ARN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
12340  SANTA  MONICA  BLVD. 

LOS  ANGELES,  CA  90023 
OICT  ARN  E.C.  FIELD,  JR. 


PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  L6802 
(NO  CLASS  TO  THIS  ADDRESS) 

OICT  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

4  ARROW  DRIVE 
WOBURN,  MA  01801 

OICT  ARN  IRVINO  L.  KOFSKT 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 
OICT  ARN  E.J.  FR2H0UW 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  10367 
OAKLAND,  CA  94610 
ARN  A.  THOMSON 

RAD  ASSOCIATES 
P.O.  BOX  9693 
MARINA  DEL  RET,  CA  90291 
OICT  ARM  FORREST  GILMORE 
OICT  ARN  WILLIAM  3.  WRIGHT,  JR. 
OICT  ARN  ROBERT  F.  LELSVIER 
OICT  ARN  WILLIAM  J.  KARZAS 
OICT  ATTN  H.  ORT 
OICT  ARN  C.  MACDONALD 
OICT  ARN  R.  TURCO 
OICT  ARN  L.  OiRAND 
OICT  ARN  W.  TSAI 

RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  a  90406 
OICT  ATTN  CULLEN  CRAIN 
OICT  ARN  ED  BEDROZIAN 

RAYTHEON  CO. 

328  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 
OICT  ARN  BARFARA  ADAMS 

RIVERSIDE  RESEARCH  INSTITUTE 
330  WEST  42nd  STREET 
NEW  YORK,  NT  10036 
OICT  ARN  VINCE  TRAPANI 


SCIENCE  APPLICATIONS ,  INC. 
1130  PROSPECT  PLAZA 
U  JOLLA,  a  92037 
Old  ATTN  LEWIS  M.  LINSON 
01CY  ATTN  DANIEL  A.  HAMLIN 
Old  ATTN  E.  FRIEMAN 
Old  ATTN  E.A.  STRAKER 
Old  ATTN  CURTIS  A.  SMITH 
Old  ATTN  JACK  MCSOUOALL 

SCIENCE  APPLICATIONS ,  INC 
1710  GOODRXSGE  DE. 

MCLEAN,  RA  22102 
ATTN:  J.  COCKATNE 

SHI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94023 


Old 

ATEN 

DONALD  NEIL50N 

01CT 

ATTN 

ALAN  BURHS 

Old 

ATTN 

G.  SMITH 

Old 

ATTN 

R.  T JUNO DA 

Old 

ATTN 

DAVID  A.  JOHNSON 

Old 

ATTN 

WALTER  C.  CHESNUT 

Old 

ATTN 

CHARLES  L.  RIHO 

OICY 

ATTN 

WALTER  .TATS 

Old 

ATTN 

J.  VICKRET 

OICY 

ATTN 

RAY  L,  LEADABRAU9 

OICY 

ATTN 

G.  CARPENTER 

Old 

ATTN 

C.  PRICE 

Old 

ATTN 

R.  LIVINGSTON 

Old 

ATTN 

V.  GONZALES 

Old 

ATTN 

D.  MCDANIEL 

I2CHN0L0GY  INTERNATIONAL  CORP 
73  WICBIN8  AVENUE 
■EDPORO,  MA  01730 
Old  ATTN  U.P.  BOqUIST 

TOTON  RESEARCH  CO. 

P.O.  Bos  6890 
SANTA  BARBARA,  CA  93111 
Old  ATTN  JOHN  ISE,  JR. 
Old  ATTN  JOEL  GARBAKINO 


TRW  DEFENSE  A  SPACE  SYS  CROUP 

ONE  SPACE  par:: 

REDONDO  3 EACH,  CA  90273 
OICY  ATTN  E.  K.  PLEHUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 
OICY  ATTN  D/  3TQCXWELL 
SNTF/1373 

VISXDYNE 

SOUTH  BEDFORD  STREET 

BURLINGTON,  MASS  01803 
OICY  ATTN  W.  RE IDT 
Old  ATTN  J.  CARPENTER 
OICY  ATTN  C.  HUMPHREY 
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